






















$n=\uparrow l(t_{X},)\in S’(\mathrm{R}_{t}\cross \mathrm{R}_{x}n)$ . $e^{it\triangle}$ ,
$t$
$||u(t, \cdot)||L^{2}(\mathrm{R}_{x}^{n})=||\varphi||_{L^{2}}(\mathrm{R}^{n})$
. , $t$ , $x$
. , $n–1$ , $x$
$|||D_{x}|^{1}/2u(\cdot, X)||_{L^{2}(\mathrm{R}_{t}})C=||\varphi||_{L(\mathrm{R}}2)$
. Plancherel .
, . $C$ ( ), .
smoothing effect , $\mathrm{C}_{\mathrm{o}\mathrm{n}\mathrm{S}\mathrm{t}}\mathrm{a}\mathrm{n}\mathrm{t}\mathrm{i}\mathrm{n}$ Saut [2]
. , smoothing effect
$||x(t, x)|D_{x}|1/2u||_{L(.)}2\mathrm{R}\ell \mathrm{x}\mathrm{R}_{x}n\leq C||\varphi||_{L^{2}}(\mathrm{R}^{n})$
$\chi\in C_{0}^{\infty}$ .
$-$ , $n\geq 3$ , Kato Yajima [6]
. ,
$|||X|^{\alpha^{-1}}|Dx|^{\alpha}u||L^{2}(\mathrm{R}\iota\cross \mathrm{R}_{x}^{n})\leq C||\varphi||_{L^{2}}(\mathrm{R}^{n})$
$0\leq\alpha<1/2$ . Ben-Artzi Klainermann [1]
, . – ,
$n=2$ . .
1.1. $n\geq 2$ $1-n/2<\alpha<1/2$ . $\varphi\in L^{2}(\mathrm{R}_{x}^{n})$ .
, (1.1) $u(t, x)$ $|x|^{\alpha-}1|D_{x}|\alpha u(t, X)\in L^{2}(\mathrm{R}_{t}\mathrm{x}\mathrm{R}^{n})x$
– .
*
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, Duhamel $\mathrm{M}\mathrm{i}\mathrm{n}\mathrm{k}_{\circ \mathrm{W}\mathrm{S}}\mathrm{k}\mathrm{i}$ ,
$t$ , smoothing effect
. , Kenig, Ponce, vega [7] $n=1$
$\sup_{x\in \mathrm{R}}||D_{x}u(\cdot, x)||_{L}2(\mathrm{R}_{t})\leq C\int_{-\infty}^{\infty}||f($ ., $x)||_{L^{2}()}\mathrm{R}_{t}xd$
. $n\geq 2$ smoothing effect .
, .
12. $n\geq 2,1-n/2<\alpha<1/2$ , 1 $-n/2<s<1/2$ .
$|x|^{1-S}f(t, x)\in L^{2}(\mathrm{R}_{t}\cross \mathrm{R}_{x}^{n})$ . , (1.2) $u(t, X)$
$|.?i|^{\alpha^{-1}}|D|^{s+}x\alpha u(t, X)\in L^{2}(\mathrm{R}_{\iota}\cross \mathrm{R}^{n})x$ – .
, $f$ “ $s$ ”
, , “$\alpha<1/2$”
. , $0<\alpha=s<1/2$ Hoshiro [5]
. Hoshiro ,
$-\triangle_{x}$ - . $.\text{ }$ ,
.
, 2 $\text{ _{ } ^{ } _{ } }$ . $\mathrm{H}\mathrm{o}\mathrm{S}\mathrm{h}\mathrm{i}\dot{\mathrm{r}}\mathrm{O}[4],$ $[5]$
, ,
. ,
. , Ruiz vega [9] . .
3 , , ,
. RiesZ $\mathrm{t}\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{s}\mathrm{f}_{\circ}\mathrm{r}\mathrm{m}$
$L^{2}$- , , Green , ,
, - .
4 , ,
$<$ . Constantin Saut [2], Ben-Artzi Klainermann [1]
, , (1.1)
$\mathrm{s}\mathrm{m}\mathrm{o}\mathrm{O}\mathrm{t}\mathrm{h}\mathrm{i}\mathrm{n}\mathrm{g}$ effect ,
. , , 1.1 – . ,
Hoshiro $[,4$], [5] , , ,





$.]_{\backslash \grave{\mathrm{i}}}’‘\cdot:.-$ 2. $:$ ) $\mathcal{T}^{\vee}$.
, $n\geq 2$ . $p(\xi)>0$ $C^{\infty}(\mathrm{R}^{n}\backslash 0)$
1 positively homogeneous ,
$P=p(D)xF-1p=(\xi\xi)Fx$
Fourier multiplier,
.– $:^{:}.’.$. .. ...:.. $\cdot$,
$\Sigma_{p}=\{\xi;\grave{p}(\xi)=1\}$
cospher . $\Sigma_{p}$ Gaussian curvature
.
$q(\xi)>0$ $p(\xi)$ , $\Lambda_{q}$ $\Sigma_{q}=\{\xi;q(\xi)=1\}$




, , $\Omega_{q}^{\sigma}$ . formal
$\mathrm{a}\mathrm{d}$.ioint $|\nabla q|\Omega^{\sigma}|q\nabla q|^{-}1$ $(\Omega_{q}^{\sigma})^{*}$ . . .:
, :
$1-n/2<\alpha<1/2-\tilde{\sigma}$ , $1-n/2<s<1/2-\tilde{\eta}$
$\sigma,$ $\eta\in \mathrm{R}$ $\tilde{\sigma}=\max\{\sigma, 0\},\tilde{\eta}=\max\{\eta, 0\}$ .
$\sigma<(n-1)/2$ $\eta<(n-1)/2$ . $n=2$
, $\sigma\leq 0\text{ }.\eta\leq 0$ .
- , .




$u(t, x)$ $|.x|^{\alpha-}\mathrm{t}\Omega_{q}^{\sigma},|D|^{\alpha}xu(t, x)\in L^{2}(\mathrm{R}_{t}\cross \mathrm{R}_{x}^{n})$ -
.
1.1 , $p(\xi)=|\xi|$ $\sigma=0$ .
Hoshiro [4, Theorem 12] , 2.1 critical order
$\mathrm{c},\mathrm{v}=1/2$ – $\tilde{\sigma}(0<\sigma\leq 1/2)$ , $p(\xi)=q(\xi)=|\xi|$ $n\geq 3$ ,
. ,
, 1/2 $(=\alpha+\sigma)$
. 1/2 Constantin Saut [2] smoothing effect
. , 2.1 , non-critical
$\alpha<1/2-\tilde{\sigma}$ , $q(\xi)$ $p(\xi)$




2.2. $|D_{x}|^{1/2}\varphi\in L^{2}(\mathrm{R}_{t}\cross \mathrm{R}_{x}^{n})$ 1 $D_{x}|^{-1/2}\psi\in L^{2}(\mathrm{R}_{x}^{n})$ . ,
$(2.2\rangle$
$w(t, x)$ $|x|^{\alpha}-1\Omega_{q}^{\sigma}|D_{x}|\alpha w(t, x)\in L^{2}.(\mathrm{R}_{t}\cross \mathrm{R}_{x}^{n})$ -
.
Hoshiro [4, Theorem 12] , 22 critical order $\alpha=1/2-\tilde{\sigma}(0<\sigma<$
$(n-1)/2)$ $p(\xi)=q(\xi)=|\xi|$ $n\geq 3$ .
, . . .




$u(t_{\ovalbox{\tt\small REJECT}}, x)$ $|x|^{\alpha}-1\Omega_{q}^{\sigma}|D_{x}|^{S+\alpha}u(b, x)\in L^{2}(\mathrm{R}_{t}\cross \mathrm{R}_{x}^{n})$ -
.
12 , $p(\xi)=|\xi|$ $\sigma=\eta=0$
. 23 critical order, $\alpha=1/2-\tilde{\sigma}$ $\alpha=1/2-\tilde{\eta}$ ,
$p(\xi)=q(\xi)$ , .
, .




$|^{s+\alpha}w(t, x)\in L^{2}(\mathrm{R}_{t}\cross \mathrm{R}_{x}^{n})$ -
.
$p(\xi)=q(\xi)=|\xi|$ , $[\Omega_{p}^{\sigma}, P^{2}]=0$
$\Omega_{p}^{\sigma}=(\Omega_{p}^{\sigma})^{*}$ , 23 24
.
2.5. $|x|^{1-s}f(t, x)\in L^{2}(\mathrm{R}_{t}\cross \mathrm{R}_{x}^{n})$ . , (2.3) $P^{2}=-\triangle$
$u(t, x)$ $|x|^{\alpha-}1\Omega_{|\epsilon|}^{\sigma}+\eta|D_{x}|^{s+\alpha}u(t, x)\in L^{2}(\mathrm{R}_{t}\cross \mathrm{R}_{x}^{n})$
.
2.6. $|x,|^{1-s}f(t, x)\in L^{2}(\mathrm{R}_{t}\cross \mathrm{R}_{x}^{\tau\iota})$ . (2.4) $P^{2}=-\triangle$
$\iota v(t, x)$ $|x|^{\alpha-}1\Omega_{1}^{\sigma}+\eta|\xi|.D|^{s+\alpha}xw(t, x)\in L^{2}(\mathrm{R}_{i^{\mathrm{X}}}\mathrm{R}_{x}n)$
$\ovalbox{\tt\small REJECT}$ .
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Hoshiro [5, Theorem 2] 25 $\sigma=\eta$ $0<\alpha=s<1/2-\tilde{\sigma}$
. ($n=2$ $\sigma\leq 0$ ,
).
2.1 24 , ::






$|.x|^{\alpha-1}\Omega_{q}^{\sigma}|Dx1S+\alpha u(t, x)\in L^{2}(\mathrm{R}_{t}.\cross \mathrm{R}_{x}^{n}.)$
-
.
28. $|x|^{1-}S(\Omega_{q}-\eta)*f(t, X)\in L^{2}(\mathrm{R}_{t}\cross \mathrm{R}_{x}^{n}),$ $|.D_{x}|^{s+1/2}\varphi$
.
$\in L^{2}(\mathrm{R}_{x}^{n}.)\backslash$ ’ $|D_{x}|^{S-1}/2_{;}\psi\in$
$L^{2}(\mathrm{R}_{x}^{1\iota})$ . ,
$w(t, x)$ $|x|^{\alpha-\iota_{\Omega}S}q\sigma|Dx|+\alpha u(t, x)\in L^{2}(\mathrm{R}_{t}\cross \mathrm{R}_{x}^{n})$ -
.







3.1. $1-n/2<a<1/2-\tilde{\sigma}$ $1-n/2<b<1/2-\tilde{\eta}$ .
$\sigma,$ $\eta\in \mathrm{R}$ $\tilde{\sigma}=\max\{\sigma, 0\},\tilde{\eta}=\max\{\eta, 0\}$ . $n=2$
$\sigma\leq 0$ $\eta\leq 0$ .
(3.1) $\sup_{{\rm Im}\lambda>0}|||x|^{a-1}\Omega_{q}^{\sigma}|D|^{a}+b(P^{2}-\lambda^{2})-1(\Omega_{q}^{\eta})^{*}v(x)||_{L^{2}(\mathrm{R}^{n})}\leq C|||x|^{\perp}-bv(X)||_{L^{2}(\mathrm{R}^{n})}$
.
3.1 Sugimoto Tsujimoto [12] .
, . , $||\cdot||_{L^{2}(\mathrm{R}^{n})}$
$||\cdot||$ . , .
3.1. $l\in \mathrm{R}$ $k\leq 0$ .
$|||x|^{l}\Omega kq^{u||}\leq C|||x|^{\iota}u||$ , $|||x|^{\iota}(\Omega^{k}q)*|u|\leq C|||x|\iota u||$
.
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3.2. $-n/2<l<n/2-k$ $0.\leq k\leq n^{\mathrm{O}}$ . $n^{\mathrm{O}}$ $n$
.
$|||.x|^{lk}\Omega_{q}|D|-ku||\leq C|||_{X}|l+ku||$ , $|||x|^{\iota}|D|-k(\Omega^{k})qu|*|\leq C|||X|\iota+ku||$
.
$\Omega_{q}^{k}$ $(\Omega_{q}^{k})^{*}$ , $k$ $L^{2}(\Sigma_{q})$ ,
$C>0$ $C^{-1}\leq|x|/q(x)\leq C$ , 3.1
. , 3.2 $k=n^{\mathrm{O}}$ . $0\leq k\leq n^{\circ}$
, trivial case $k=0$ ,
, – . , $k\in 2\mathrm{N}$
.
$\Omega_{q}^{k}=(1-\sum_{i<j}((\frac{q}{|\nabla q|}\frac{\partial q}{\partial\xi_{j}})\frac{\partial}{\partial x_{i}}-(\frac{q}{|\nabla q|}\frac{\partial q}{\partial\xi_{i}})\frac{\partial}{\partial x_{j}})^{2})k/2$
$= \sum_{|0\leq|\gamma\leq k}a_{\gamma}(_{X})(\frac{\partial}{\partial x})^{\gamma}$
$a_{\gamma}(x)$ , $|\gamma|$ positively homogeneous .
$|||x|^{\iota} \Omega^{n^{\circ}}|qD|-n^{\circ}u||\leq C\sum_{\mathrm{o}0\leq|\gamma|\leq n}|||X|\iota a_{\gamma}(x)D\gamma|D|-n^{\circ}u||$




3.1 ([11], Chapter 11, Theorem 5). $-n/2<k<n/2$ .
$|||x|^{k}m(D)v|| \leq c_{\text{ }}\sum_{\leq|\gamma|n}\sup_{\xi\in \mathrm{R}n}||\xi||\gamma|D^{\gamma}m(\xi)||||_{X}|^{k}v||$
.






, (3.1) $\sigma\leq 0$ $\eta\leq 0$ , 3.1 ,
$\sigma=\eta=0$ . - , (3.1). $\sigma\geq 0$ $\eta\geq 0$





. $1-n/2<a<1/2-\tilde{\sigma},$ $1-n/2<b<1/2-\tilde{\eta}$ \mbox{\boldmath $\sigma$} $<(n-1)/2$ ,
$\eta<(n-1)/2$ , $n\geq 3$ $(n-1)/2\leq n^{\mathrm{O}}$
. .
, $(3-n)/2\leq a+b$ – . , $a+b<(3-n)/2$
, $\delta=(3-n)/2-(a+b)$ $(3-n)/2\leq(a+\delta)+b$ $1-n/2<$
$(a+\delta)<1/2$ . $0<\delta<(n-1)/2$ .
, 32 (3.1) $\sigma=\eta=0$ $a$ $a+\delta$
${\rm Im} \lambda>\sup_{0}|||X|^{a-}1|D|^{a}+b(P^{2}-\lambda^{2})^{-1}v||$
$\leq C\sup_{\lambda{\rm Im}>0}|||x|^{(a+\delta})-1|D|^{()+}a+\delta b(P2-\lambda^{2})^{-}1v||$
$\leq C|||.x|^{1}-bv||$
. , - .
, (3.1) $\sigma=\eta=0$ ,
$1-n/2<a<1/2$ , $1-n/2<b<1/2$ , $(3-n)/2\leq a+b$
.
$1/2<1-a<n/2$ , $1/2<1-b<n/2$ , $0<a+b-2+n<n$
. , .
scaling argument , :
(3.2)
${\rm Im} \lambda\sup_{|\lambda|=1}|>0||_{X|}a-1|D|^{a+}b(P^{2}-\lambda^{2})-1(1-\varphi\circ p)(D)v||\leq C|||_{X}|^{1-b}v||$
,
(3.3)
$| \lambda|=1\sup_{{\rm Im}\lambda>0}|||x|^{a-}1|D|a+b(P2-\lambda^{2})-1D(\varphi\circ p)()v||\leq C|||x|^{1b}-v||$
$\varphi(\rho)\in C_{0}^{\infty}(\mathrm{R}_{+})$ $\rho=1$ 1 .
(3.2) 3.1 32 . ,
$m_{\lambda},(\xi)=|\xi|^{2}(p(\xi)^{22}-\lambda)^{-}\iota(1-\varphi\circ p)(\xi)$
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${\rm Im}_{\lambda}||= \iota^{0}\mathrm{s}\mathrm{u}_{1^{3}||||}\lambda>|\prime X|^{a}-\iota|D|(a+b-2+n)-nm_{\lambda}(D)v\leq C\sup_{1}{\rm Im}\lambda|=\lambda>10|||x|^{1b}-m_{\lambda}(D)v||$
$\leq C|||x|^{1-b}v||$
, (3.2) .
(3.3) , 3.1 :
(3.4)
$\mathrm{T}\text{ ^{}0}|||x|a-1P^{a+}b(P2-\lambda 2)^{-}1((\varphi \mathrm{o}p)D)v||\leq C|||_{X}|^{1-b}v||$
(3.4) , :
3.3 ([3], Theorem 1422). $\Psi\in C_{0}^{\infty}(\mathrm{R}^{n})$ . $k>1/2$ $l>1./2$
.




34([8], Theorem 63). $\psi\in C_{0}^{\infty}(\mathrm{R}_{+})$ .
${\rm Im} \lambda\sup_{|\lambda|=1}|>0F-1\lfloor(p(\xi)^{2}-\lambda^{2})^{-1}(\psi \mathrm{o}p)(\xi)\rfloor(x)|\leq C|X|-(n-\iota)/2$
.
$\Sigma_{p}$ , 34












, (3.4) . $\psi(\rho)=\rho^{a+b}\varphi(\rho)$ $\Psi$
.
$=\psi\circ p$ ,
${\rm Im}_{\lambda} \lambda>0||=1\sup||(1-\mathrm{X})|x|a-1(P2-\lambda 2)-1\Phi(D)(1-\chi)v||\leq C|||x|^{1-b}v||$
, 33 . $\chi(x)$ $\{x;|x|\leq 1\}$ .
– , $(3-n)/2\leq a+b$ $1-a\leq b+(n-1)/2<n/2$ ,
${\rm Im}_{\lambda} \lambda>0||=\iota\sup||,$ $x|X|^{a}-1(.\cdot P^{2}-\lambda 2)^{-}1v\Phi(D)||$
$\leq{\rm Im}_{\lambda}\lambda.>0||=1\mathrm{s}\mathrm{u}\mathrm{p}||x|X|^{-}b-(n-1)/2(P2-\lambda 2)-1(\Psi D)v||$
$\leq C|||X|^{-b-(}n-1)/2\int\frac{|v(y)|}{|x-y|^{(}n-1)/2}dy||$
$\leq C|||x|^{1-b}v||$ .
. 32 34 . , $(3-n)/2\leq a+b$
$1-b\leq(n-1)/2+a<n/2$
${\rm Im}_{\lambda}||=1\mathrm{s}\mathrm{u}\mathrm{p}|\lambda>0||_{X}|^{a}-1(P^{2}-\lambda 2)^{-}1(\Phi D)xv||\leq C..|||x|^{(-}n1)/2+a\chi v$
$\leq C|||X|^{1b}-v||$
. , (3.4) , 3.1 .
4. SMOOTHING EFFECT
, 3.1 .
, 2.1 2.2 .
.
$|| \hat{f}||_{L^{2}(}2\Sigma p;d\omega/|\nabla p|)=I_{\Sigma_{p}}|\hat{f}(\omega)|2\frac{d\omega}{|\nabla p(\omega)|}$
$=4(2\pi)^{n}-1$ Jim ${\rm Im}((P^{2}-\zeta)-1f, f)_{L(\mathrm{R})}2n$
${\rm Im}\zeta>0\zetaarrow 1$
(H\"ormander [3, Corollary 143.10] . ) $d\omega$ $\Sigma_{p}$ surface
element . 3.1 $b=a$ $\sigma=\eta$ ,
$||\hat{f}||_{L^{\mathit{2}}(}2.\Sigma_{p}$




. scaling argument :
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4.1. $1-n/2<a<1/2-\tilde{\sigma}$ . $\sigma\in \mathrm{R}$ $\tilde{\sigma}=\max\{\sigma, 0\}$
. $n=2$ $\sigma<0$ .
$\hat{f}||_{L^{2}(;\beta}\beta^{\Sigma_{p}d\omega}n-1/|\nabla p|)\leq C\sqrt{\rho}|||.x|^{\iota-a}(\Omega_{q}-\sigma \mathrm{I}^{*}|D|-af||_{L^{2}(\mathrm{R}^{n})}$
. $\rho>0,$ $\rho\Sigma_{p}=\{\rho\omega;\omega\in\Sigma_{p}\}$ .
Hoshiro [4, Theorem 1.1] , , $p(\xi)=q(\xi)=|\xi|$ $n\geq 3$
critical order $a=1/2-\tilde{\sigma}$ .
, 2.1 22 . Ben-Artzi Klainermann [1],
Hoshiro [4] , , 4.1
. .
$T=e^{-itP^{2}}$ . $S(\mathrm{R}_{x}^{n})arrow S’(\mathrm{R}_{t}\cross \mathrm{R}_{x}^{n})$
. , formal adjoint $\tau*$ : $S(\mathrm{R}_{t}\cross \mathrm{R}_{x}^{n})arrow S’(\mathrm{R}_{x}n)$
$T^{*}[v(t, x)]=\mathcal{F}^{-1}\xi[(\mathcal{F}_{l,x}v)(-p(\xi)^{2},$ $\xi)]$
. , Plancherel ,




. Plancherel , 4.1, $\xi\vdasharrow\rho\omega(\rho>0, \omega\in\Sigma_{p})$
$\rho^{2}rightarrow\rho$
$||T^{*}v||_{L^{2}(\mathrm{R})}2n=C||(F_{t,x}v)(-p(\xi)^{2}, \xi)||_{L(\mathrm{R})}22\epsilon n$
$=C \int_{0}^{\infty}(\int_{\rho\Sigma_{\mathrm{p}}}|(F\iota_{x},v)(-\rho^{2}, \omega)|^{2}\frac{\rho^{n-1}d\omega}{|\nabla p(\omega)|})d\rho$
$\leq C\int_{0}^{\infty}\rho|||x|1-a(\Omega q-\sigma)^{*}|D_{x}|^{-a}(F_{t}v)(-\rho^{2}, x)||_{L^{2}(}^{2}\mathrm{R}_{x}^{n})d\rho$
$\leq c.\mathit{1}_{-}^{\infty}\infty(|||x|1-a(\Omega_{q}^{-}\sigma)*-a(\mathcal{F}lv)\rho, x|D|)x||2)L^{2}(\mathrm{R}_{x}^{\mathrm{n}}d\rho$
$=C|||x|^{1-}a(\Omega-\sigma)q|D_{x}*|-av(t, X)||_{L^{2}(\mathrm{R}_{t}}^{2}\mathrm{x}\mathrm{R}n.)x$
$1-n/2<a<1/2-\tilde{\sigma}$ . duality argument
$|||x|^{a-}1\sigma|\Omega D_{x}|^{a}q\tau\varphi||_{L^{2}()}\mathrm{R}_{\ell}\mathrm{x}\mathrm{R}^{n}x\leq C||\varphi||_{L^{2}}(\mathrm{R}^{n})$
. $u=T\varphi$ (2.1) , $a=\alpha$ , 2.1
. , $T=e^{\pm it}|PD|x-1/2$ .
(2.2) $e^{\pm itP}$ $e^{\pm itP}|D_{x}|^{-1}$ , 2.2
.
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, 23 24 . Hoshiro [.4], [5]
, (2.3) $u$
$u_{\epsilon}(t, x)= \frac{1}{i}\mathcal{F}_{\tau}^{-1}(P^{2}+\{\tau-i\xi))-1f_{+()}F_{t}t,$$x$
$+ \frac{1}{i}\mathcal{F}_{\tau}^{-}1(P2+(_{\mathcal{T}+}i\mathcal{E}))-1\mathcal{F}_{\iota f}-(t, X)$
$\epsilon\searrow 0$ weak limit . $f_{\pm}$ , $f$
Heaviside $Y(\pm t)$ , $\{t;\pm i\geq 0\}$
. , ..
$u_{\epsilon}^{\pm}(t, x)= \frac{1}{i}F_{\tau}^{-1}(P^{2}+(\tau\mp i\epsilon))^{-1}\mathcal{F}\iota f_{\pm}(t, X)$
$(\partial_{t}+iP^{2}\pm\epsilon)u_{\epsilon}^{\pm}=f_{\pm}$ , $u^{\pm}= \lim_{\epsilon\searrow 0}u_{\epsilon}\pm$ weak limit
$(\partial_{t}+iP^{2})u^{\pm}=f_{\pm}$
. ,
$u^{\pm}(0, x)= \frac{1}{2\pi i}\int\frac{1}{P^{2}+\mathcal{T}\mp i0}(\tau_{t}f_{\pm})(\tau, \xi)d_{\mathcal{T}}$
$= \frac{1}{2\pi i}\int \mathcal{F}_{\tau}[\frac{1}{P^{2}+\tau\mp i0}](s)f_{\pm}(_{S}, X)dS$
$= \frac{1}{2\pi i}\int e^{isP^{2}}(F_{\mathcal{T}}[\frac{1}{\tau\mp i0}](s)f_{\pm}(s, x))d_{\mathit{8}}$
$= \pm\int e^{isP^{2}}(\mathrm{Y}(\mp S)f\pm(_{S,x))d_{S}}$
$=0$
, . ,
$w_{\epsilon}(t, x)=\mathcal{F}_{\tau}^{-1}(P^{2}-(\mathcal{T}-i\epsilon)^{2})^{-1}\mathcal{F}\iota f+(t, X)$
$+F_{\tau}^{-1}(P^{2}-(_{T}+i_{\mathcal{E}})^{2})^{-}1f_{-}\mathcal{F}_{l}(t, X)$
$\epsilon\searrow 0$ weak limit – (2.4) .
3.1 $a=\alpha,$ $b=s$ weak limit ,
23 24 .
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